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Abstract

From a data sample of 450,000 hadronic events recorded with the ALEPH
detector at LEP, 92 &+ 10 events are observed containing a J/1 meson decaying
to p*u~ or ee”. From these data the measured inclusive branching fraction for
a b flavoured hadron to decay to a J/¢is BR(b — J/X) = 1.21 £0.13(stat) £
0.08(syst) %, and the average b hadron lifetime in the events tagged with a J/4
is 7, = 1.351312 4 0.05 ps. Five events are observed consistent with the exclusive
decay B* — J/¢)K* and from these events the exclusive branching fraction is
measured to be BR(B* — J/¢YK*) = 0.22 £ 0.10 £ 0.02 %. Upper limits for
other exclusive branching ratios are given.
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1 Introduction

The observation of a .J/¢» meson in a hadronic Z° decay provides a clear signature
for the presence of a b flavoured hadron ! in the event. Theoretical calculations
[1], [2] predict the backgrounds of J/v’s from other sources to be small. Ex-
perimentally, the di-lepton decay modes of the J/v provide a clean method for
recognising the events and the J/v decay vertex can be used to locate the B
decay point with high precision for lifetime measurements.

This letter presents an analysis of data taken by the ALEPH collaboration at
LEP during 1990 and 1991. The data sample consists of approximately 450,000
hadronic events taken at centre-of-mass energies near the Z° peak. Events con-
taining a J/v¢¥ decay to ete™ or utu~ are selected and used to measure the
inclusive branching fraction BR(b — J/¢¥'X) and the average B lifetime. In
the J/v» events, a study has been made of exclusively reconstructed B decays,
yielding a measurement of the branching fraction for B~ - J/¢K~ ? and limits
on five other exclusive decay modes.

2 The ALEPH detector

The ALEPH detector is described in detail in reference [4]. For the 1991 data
a double-sided silicon microstrip vertex detector [5] was added. Only a brief
description of the apparatus will be given here.

Charged particles are tracked with three devices inside a superconducting
solenoid providing an axial field of 1.5 T. Closest to the beampipe is the vertex
detector (VDET), which consists of silicon wafers with strip readout in two
dimensions, arranged in two roughly cylindrical layers at average radii of 6.4
and 11.5 cm. This detector covers a solid angle of |cos 8| < 0.85 for the inner
layer only and | cos #| < 0.65 with both layers. The point resolution is 12 um at
normal incidence in the r¢ and z dimensions. Surrounding the VDET is the inner
tracking chamber (ITC), which is a drift chamber giving up to 8 measurements
in the r¢ dimension, each with a point resolution of 150 ym. The angular
acceptance of this chamber extends to | cos 8] < 0.96. Qutside the ITC, the time
projection chamber (TPC) provides up to 21 space points for | cos 8| < 0.79, and
a decreasing number for smaller angles, with 4 points at |cosf| = 0.96. In the
TPC the point resolution 1s 170 gm in r¢ and 740 gm in z. The charged tracks
from J/1 decays used in this analysis have an average momentum of 10 GeV/e.
A track of this momentum has a spatial resolution at the interaction point of
approximately 25 (140) pm in the r¢ dimension, 35 (800) um in z dimension and
a momentum resolution of Ap/p = 0.0006(0.0008) p (GeV/c)™! | with (without)
VDET hits.

n this paper the term B is used to refer to a b flavoured hadron.
2The charge conjugate reaction is implicit throughout the letter.




Hadronic events are selected by requiring at least five ‘good’ charged tracks
and a sum of charged particle energies greater than 10% of the centre-of-mass
energy. A ‘good’ track must have: momentum greater than 0.2 GeV/¢; |cosl| <
0.95; at least 4 TPC points; and must pass within a cylinder of radius 2 cm and
length 20 cm, centred at the beam interaction point.

Lepton identification in ALEPH is described in detail elsewhere [6]. Electrons
are identified using the electromagnetic calorimeter (ECAL) and the jonization in
the TPC. The ECAL is a lead/proportional-tube calorimeter with cathode-pad
readout in finely segmented projective towers. The towers subtend a transverse
angle typically 0.8° x 0.8° and have a readout in three separate longitudinal
stacks. The electron identification uses one ECAL estimator which compares
the track momentum with the calorimeter energy in the four towers closest to
the track, and another which tests that the average depth of the shower is con-
sistent with that expected from an electron. The TPC measures the ionisation
of an electron track with a resolution of 4.6% and a candidate track is rejected
when this ionisation is more than 2.5 ¢ below the expectation for an electron
of that momentum. Electron candidates which come from photon conversions
are rejected using the algorithm described in reference [6]. Muons are identified
using the hadron calorimeter (HCAL) and the muon chambers. The HCAL is
composed of the iron of the magnet return yoke interleaved with 23 layers of
streamer tubes. The readout of the HCAL consists of strips with a pitch of 1
cm which are used for the muon tracking, and projective towers with subtended
angles of approximately 3° x 3°, which are used for the hadronic energy measure-
ment. The muon chambers surround the HCAL after a total of 7.5 interaction
lengths of material and have 3D readout. These chambers consisted of two layers
of streamer tubes for the 1990 data, while for the 1991 data this system had four
layers. For this analysis, muon candidates are accepted if they have a muon-like
pattern of fired planes in the HCAL or if they have at least one associated 3D
hit in the muon chambers. The average identification efficiency, after kinematic
cuts, for electrons in this analysis is 80%, and is derived from measurements in
the data using electron pairs from photon conversions. The average detection
efficiency for muons is 88%, estimated from Monte Carlo calculations.

3 Selection of J/v¢ events

To select the events with J/¢ — ete™ and ptp~ decays, two ‘good’ tracks, both
identified as the same kind of lepton, are required with |cosf} < 0.93 and momen-
tum greater than 2.5 GeV/c. The opening angle between the tracks is required
to be less than 90° and for the branching fraction and lifetime measurements the
momentum of the J/v candidate must be greater than 10 GeV/c. No minimum
number of hits in the VDET or ITC is demanded and in the 1990 data, which
is 34% of the total, no VDET hits are used. In the total event sample, 60% of
the events have a VDET hit on at least one of the lepton tracks.
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For events selected with the requirements described so far, the major back-
ground to the J/¢ signal consists of events with a cascade semileptonic decay
b — clp, ¢ — slv. To reject these events which have two undetected neutri-
nos the ALEPH energy flow algorithm [7] is used to sum the total neutral and
charged energy in the event hemisphere, defined by the thrust axis, containing
the J/¢ candidate. This algorithm measures the total energy in hadronic events
with a typical resolution of 9% and events are rejected if the hemisphere en-
ergy is less than 0.85 times the beam energy. The use of this cut reduces the
background to the J/+ signal by approximately a factor 2.

Figure 1(a) shows the di-muon invariant mass spectrum for the selected
events. A fit to the ¥y~ spectrum with a Gaussian signal plus an exponential
background function gives a mass of 3094 + 3 MeV/c? and a r.m.s. width of
28 4+ 4 MeV/c%, consistent with the Monte Carlo simulation.

For the decay J/i» — eTe™, the di-electron invariant mass distribution has a
significant low mass tail due to final-state radiation and bremsstrahlung emitted
as the electrons pass through material in the detector before the momentum
measurement. This radiation also significantly softens the electron momentum
spectrum, relative to the muons, and reduces the electron acceptance after the
minimuam lepton momentum cut. In the Monte Carlo simulation, final-state
radiation for leptonic J/v decays is simulated using a first-order calculation [10].
The effect of this radiation is to move 10% (4%) of J/9» — ete (utu™) events
to di-lepton invariant masses below 2.95 GeV/e*. The bremsstrahlung in the
detector moves another 30% (1%) of events to this tail. To reduce the magnitude
of this low-mass tail in the e*e~ decays, a correction is made if a photon is
observed which is consistent with having been radiated from either electron.
Since both final-state and bremsstrahlung photons are emitted approximately
collinear with the electron flight path, and since the majority of radiation occurs
before the track enters the TPC, it is sufficient to search for these photons in only
a small, well defined, region of the ECAL. When a photon is found, the photon
momentum is added vectorially to that of the electron. The di-electron invariant
mass distributions with and without this correction are shown in figures 1(b) and
1(c). For the branching fraction measurement, the di-lepton invariant mass is
required to lie in the signal mass range between 2.95 and 3.20 GeV/c?. Having
applied the above correction, the Monte Carlo simulation predicts that 75% of
the selected J/¢ — ete™ events lie inside this mass region, while without the
correction this proportion would be only 60%. For ptu~ events no correction is
applied and this fraction is 95%.

4 Inclusive branching fractions

For the measurement of the inclusive branching fraction, the acceptance for the
J/v¢’s from B decay is calculated from a Monte Carlo simulation based on the
JETSET 7.3 [8] model. This Monte Carlo generates events with the b quark



hadronising to mesons and baryons in the ratio By : By : By : byaryons = 40 : 40 :
11 : 9, and uses experimentally measured 2-body B decay branching fractions
[9], with the higher multiplicity decay modes being generated according to the
JETSET hadronisation model. Theoretical calculations[1] predict a background
of J/v¢ production from hard gluons with a rate approximately 3.5% of that
from B decays, with other background sources contributing less than 1%. The
acceptance of the gluon source of J/1'’s has been calculated using a Monte Carlo
program provided by the authors of reference [1].

Figure 2 compares data and Monte Carlo distributions of the J/¢ scaled
energy (zg) and the angle of the J/¢ to the thrust axis (fy_u,). The data
distributions are corrected for acceptance and contain a background subtraction
using the e*u¥ events, as described later. To show the region with zz < 0.2,
no cut on J/¢ momentum is used in making these distributions. The data in
this region have a large background with no significant observed signal and are
rejected for all other results presented. Due to the different kinematics, J/1’s
which originate from gluons have on average lower zr and higher 6—snr than
those from B’s. Within statistics, the data and Monte Carlo distributions agree,
showing that the simulation and the theoretical expectations for the background
are consistent with the data.

The Monte Carlo predicts that double semileptonic cascade decays consti-
tute approximately 85% of the background in the ete™ invariant mass spectrum
and 40% of the background in the u*p~ spectrum. For the ptu~ spectrum,
another 30% of the background consists of events where one muon comes from
semileptonic b decay and the other track is a misidentified hadron or a muon
from pion or kaon decay. In the data, the background under the J/i peak is
estimated using the spectrum of e*y¥ events shown in figure 1(d). The Monte
Carlo predicts that 75% of the events in this spectrum come from cascade de-
cays. The e*u¥ spectrum is fitted with an exponential function of the form:
ay exp(—ag X My+;-), in the invariant mass range between 2 and 4 GeV/c?. The
same exponential form with the slope parameter a, fixed from this last fit, is fit-
ted to the e¥e™ and u*p~ spectrain the mass range between 2.0 and 2.8 GeV/c?
to obtain the normalization parameter a;. The background is then the integral
of this function in the J/v signal mass range. Using the like-sign p*u? invariant
mass spectrum (which approximates the misidentified muon background) to ob-
tain the background slope parameter gives results within statistical errors. The
numbers of signal events observed are 32.0 £ 5.8 for ete™ and 59.7 &+ 7.9 for
gt =, with backgrounds of 4.0 + 1.0 and 10.3 & 1.8 events respectively.

The branching fractions are calculated using:

N,]/,,b Chad I‘had
0 —_
BR(Z - J/¢X) - Niad BR(J/?,D — l+l_) X €Ijy % I'z ’

with the efficiencies for reconstructing a J/¢ in the defined signal mass range
(€s70) of 22.1 £ 0.8% for ete™ and 41.0 £ 0.8% for utpu~; the efficiency for
recognising a hadronic event (€poq } of 97.4 £ 0.2 %[11]; Thog/Tz = 0.702 £

4



Estimate of error (%)
Source of uncertainty Jip — eTem | I — ptu
Simulation of photon radiation 4 1
Simulation of J/% acceptance 5 4
Lepton identification efficiency 4

Search for radiated photons
Background subtraction procedure

b |

SOl | LRt o

6

Total systematic error

Table 1: Systematic error estimates on inclusive branching fraction.

0.008 [11}; BR(J /¢ — IT17) = 5.91+0.23 % [12]; the number of hadronic events
(Nhaa) of 441,000 and the number of signal events (N} as given above. The

resulting branching fractions are:

BR(Z° — Jj$X) = (3.79 £ 0.67 + 0.31 £0.15) x 10=* (J/op — ete™)
= (3.82£0.49 £0.23 £0.15) x 10-% (J/yp — ptp-),

where the first error is statistical, the second an estimate of the systematic
error, and the third comes from the uncertainty on the BR(J/¢¥ — [*I~). The
systematic error contributions are listed in table 1. The systematic error for
the simulation of J/¢ acceptance takes into account the uncertainties in the
hadronisation process and B decay modes in the Monte Carlo simulation. A
weighted average of the two decay modes gives:

BR(Z° — J/¢X) = (3.81 £ 0.41 £ 0.26) x 1073,

where the two systematic errors have now been combined. This result is consis-
tent within errors, with the value reported by OPAL [13], equivalent to (5.3 &
0.9+ 0.5) x 1072 after adjustment for the latest result on BR(J/% — I*17)[12].

The standard model value of I'y;/Thae = 21.7% [6] is used to obtain the
fraction of events with a & quark. The non-B fraction of J/¢’s is taken from
theoretical calculations with acceptance correction and is f,, = 272%. Then, the
branching ratio for a b flavoured hadron to yield a J/% is:

BR(b— J/$X) =121 £0.13 £ 0.08 %.

At LEP, the b quark is expected to hadronise to B, or byapyons in 20% of the cases,
so this branching fraction has a different b hadron content compared with that
measured at the T(45). However, the ALEPH result agrees with the average
value measured by ARGUS and CLEO [14], equivalent to 1.3 £ 0.2 % after
adjustment for the BR(J/¢¥ — ITI7). The result agrees with the theoretical
predictions [15].

J—




5 Exclusive B decays

Candidates for the decay B~ — J/y K~ are selected from among the J/¢ events
by forming combinations of the two leptons from the J/v and a charged track
with momentum greater than 4 GeV/e¢ within a cone of half-angle 45° around the
J/ direction. The mean ionisation for this charged track is required to be within
20 of that expected for a kaon of the measured momentum. In the momentum
range of interest, approximately 50% of pions are rejected by this cut. The three
track system is required to bave momentum greater than 20 GeV/c and to form a
common vertex with probability greater than 1%. The invariant mass spectrum
observed with these cuts and with the J/4 mass constrained, is shown in figure
3. Five events are observed in the signal region between 5200 and 5360 MeV/c2.
The data are fitted with a Gaussian function parameterizing the signal and an
exponential function whose slope parameter is fixed from a fit to the background
observed in a Monte Carlo simulation. The Gaussian peak is at 5282 £ 9 MeV/c?
with r.m.s. width 19+ 5 MeV/c?, consistent with the accepted B mass and
the Monte Carlo expectation for the resolution. From the fit, the background in
the signal region is estimated to be 0.2 £ 0.1 events. A check on the background
has been made by forming an invariant mass distribution with the tracks which
fail the kaon ionisation requirement. In this distribution, no events are observed
with an invariant mass greater than 4.8 GeV/c?. The backgrounds in these
distributions are consistent with the predictions of the Monte Carlo simulation,
where almost all the entries are from real B decays to a different mode with a
J/#. The exclusive branching fraction is calculated in a similar fashion to the
inclusive branching fraction. The efficiency for reconstructing a J/¢ K~ event is
2.8 £ 0.2 %, averaged between the J/¢ - ete™ and J/¢p — putp~ modes.
Assuming the fraction of b quarks giving a B* meson as 0.4, the result is

BR(B™ — J/vK7)=0.22+0.10 £ 0.02 %.

The systematic error includes the same contributions as the inclusive branching
fraction with additional contributions for the dE/dz and vertexing requirements.
This exclusive branching fraction is consistent with the value measured at the
T(45) 0.09 = 0.03 [16] (again adjusted for BR(J/¢ — ITI7) ) and with recent
theoretical models [17].

In addition to the five J/¢) K~ events, two other B decays have been fully
reconstructed. One of these events is consistent with B® — J/wK2, K% —
7t7~, the other with B® — J/$K*°, K*® — K+z~. Two other exclusive B
meson channels have been studied with no signal events being observed: B* —
JIvK**, K** — K%, K — 7t5~ and B® — J/4¢, ¢ — K+K~. A search
has been made for the decay A, — J/¢)A,A — pr, which has recently been
reported by the UA1 experiment with the BR(A, — J/¥A) = 1.84+1.1%[3]. For
the BY and A, decay modes, no event is observed with an invariant mass greater
than 5 GeV/c?. Table 2 summarizes the expectations and observations for all
the exclusive modes studied.
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Decay mode | Efficiency | Events | Events | Est. [ BR (%) or
(%) obs. exp. | back. [ 90% CL limit

Bt = JjvK* 2.8 5 2.0 0.2 | 0.2240.10
B® — J/$K° 0.6 1 0.3 0.1 <0.9
BY = J[YK* 0.6 1 0.6 0.2 <0.8
Bt — J[pK* 0.2 0 02 [ 0.05 <14
BY = Jlié 1.0 0 02 | 0.03 < 1.0
Ay — J/A 1.2 0 3.8 [0.05 < 1.1

Table 2: Results of searches for exclusive B decay modes with a J/¢¥ . The re-
construction efficiencies include the branching ratios to the detected final states
described in the text. The expected numbers of events and background esti-
mates are calculated from the Monte Carlo with the UA1 measurement for the
BR(A, — J/¢A) and the assumption BR(B? — J/¢¢) = 0.1%. The lim-
its on the branching fractions assume BR(b — B,) = BR(b — B;) = 0.40,
BR(b— Ay) = 0.09 and BR(b— B,) = 0.11.

6 Inclusive Lifetime

In order to measure the B lifetime, the proper-time ( ¢} is reconstructed for each
event from the decay length ( I) and the boost (v3) of the B. The decay length,
which is on average approximately 2 mm in this experiment, is measured in three
dimensions from an event-by-event primary vertex and a B decay point tagged
by the vertex of the J/¢» — ITI~ decay. The boost of the B is measured by ap-
proximately reconstructing the B momentum from a jet including the J/1 and
nearby charged and neutral particles. The decay length is calculated by project-
ing the vector joining the primary and secondary vertices onto the reconstructed
B direction.

The algorithm to reconstruct the B momentum nucleates a jet with the J/.
Charged and neutral particles, with energy greater than 0.5 GeV, are added to
the jet, taking first the particle which adds the least to the jet invariant mass
according to the relation: M? = 2F;E;(1 — cosbje:;), where E,.; is the energy
of the existing jet, E; is the energy of particle i, 8¢ ; is the angle between the jet
and the particle. After adding a particle, the jet parameters are recalculated by
adding four-momenta, and the next closest particle is searched for. The addition
is stopped when no particle can be added without increasing the invariant mass
of the jet to a value greater than 6 GeV/c*. Figure 4 shows the distribution of the
Monte Carlo quantity: & = (v8);../(v8)5%, where (¥/);e: is the reconstructed
boost from the jet, calculated as the ratio of the jet momentum and the jet mass,
and (y8)g" is the true B boost in the simulation. A correction factor C,g is
defined as the mean of this « distribution, and the proper-time is calculated as:
t=1C,3 / (¥8)jet ¢, with C,5 = 1.015. The resolution obtained on the B boost




with this method is improved by approximately a factor two compared to that
which would be obtained by using only the J/¢ momentum in the estimation.

The secondary vertex is formed from the two lepton tracks. To ensure well
measured secondary vertices, the probability of the vertex is required to be
greater than 1%. For the J/¢p — ete™ mode, events are removed if a radiated
photon is observed with energy greater than 20% of the corresponding electron
energy. These two cuts remove 13% of the total signal events.

. The determination of the primary vertex combines track information with a
beam position[18] found from averaging many events. This method is designed to
be insensitive to the presence of secondary vertices in the event. The algorithm
begins by grouping the tracks into jets, which are constructed with the standard
JADE clustering algorithm [19]. Tracks within a particular jet are projected
onto the plane perpendicular to the jet direction, and so the lifetime information
is removed in the approximation that the jet axis measures the direction of the
B. The primary vertex is calculated as the point which is most consistent with
the projected tracks and the beam envelope, which is taken as the average beam
position with the dimensions of the LEP beamspot.

The error on the proper-time (o;), is taken as the quadratic sum of the
decay length error calculated for each event and a constant error for the boost
(4). The value of 0,5 is taken as 0.105 from a fit to the & distribution of
figure 4 which is reasonably approximated by a Gaussian function. For the
events without VDET hits, the error on the J/y vertex position dominates the
resolution in proper time, while for the events with VDET hits this error and
the error on the boost have similar contributions. The Monte Carlo simulation
leads to the following estimates of the average experimental resolutions, with
(without) VDET hits: 60 (270) g on the primary vertex position; 180 (1200)
pm on the secondary vertex position; 210 (1200) um on the calculated decay
length; and 0.2 (0.7) ps on the proper-time.

The proper-time distribution for the combined ete™ and ptp~ events in a
signal mass range between 3.0 and 3.2 GeV/c?, after the extra vertexing cuts, are
shown in figure 5(a). There are two distinct backgrounds to the B events in this
distribution: true J/v’s from gluons; and ‘fake’ J/%’s from the continuum of the
di-lepton spectrum. The J/+’s from gluons are produced in the fragmentation
processes at the primary vertex and hence have zero lifetime. The majority
of the fake J/¢ background is associated with B events. The lifetime of this
background is measured in the data using a sample of events consisting of ete~
and p*pu~ events with invariant masses between 2.4 and 2.9 GeV/c? plus efyF
events with invariant masses between 2.4 and 4.0 GeV/c?. The effective proper-
time distribution for these background events is shown in figure 5(b).

Signal and background distributions are fitted simultaneonsly using an un-
binned maximum likelihood method. The fitted signal distribution has three
components:

1. A signal component which is an exponential function, having lifetime 7,

8




Source Uncertainty (ps)

B boost central value (C,5 ) +0.02
B boost resolution (o.3) +0.01
Decay length resolution +0.01
Beam spot size and position £0.01
Fake J/v background £0.03

Prompt J/ background +0.03 —0.02
MC statistics on check of method £0.02
Total systematic error +0.05

Table 3: Systematic error estimates on B lifetime measurement.

convoluted with a Gaussian resolution function having width equal to the
error on each measured proper-time o;.

2. A fraction fu of fake J/4¢ background component, which is an exponential
having lifetime 7,4, convoluted with the same Gaussian function.

3. A fraction f,, of prompt background component of .J/3’s from non-B
sources, which is just the Gaussian resolution function.

The background distribution is fitted with 100% of component (2). The back-
ground fraction is measured from the data using the e* ¥ sample with the same
technique as for the branching fractions, giving fix = 11 £ 2 %. The result of
the fit is: 7, = 1.351317 ps from 87 signal events, with 7z = 1.6973% ps from
the 94 background events.

The measured lifetime of the background is consistent with Monte Carlo
predictions in which the cascade B decay events dominate. These cascade decays
have an effective lifetime somewhat longer than a B lifetime because the second
lepton comes from the D decay after an extra flight length. The systematic
error on the background lifetime 7 is estimated in the data by comparing the
lifetime of separate background subsets. The lifetimes for all subsets agree within
statistical errors and a systematic error of 0.3 ps on 7y is assigned from the
statistics on the comparison.

The complete list of systematic error sources considered is given in table 3.
The systematic errors due to uncertainties in C.5 and 0.5 have been studied by
varying the branching fractions for different B— J/¢>X exclusive modes and the
b quark fragmentation parameters in the Monte Carlo within the experimental
knowledge of these quantities. The resulting changes are +2% in C.,5 and £20%
in oys. The uncertainty on the decay length resolution, which is dominated
by the secondary vertex position, has been obtained from a general sample of
hadronic data events. Pairs of tracks are selected with similar kinematics to the
J/v decay tracks, but without a lepton identification requirement, and if two
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such pairs are found in an event, the pairs of tracks are separately vertexed. The
distribution of the separation of two such vertices in the same event is fitted with
the sum of two Gaussians, one for vertices formed at the same point in space
and one for vertices formed at different points. The width of the first Gaussian
then measures the resolution on the secondary vertex position and the second
Gaussian parameterizes events with displaced vertices. From this study, a 20%
systematic error is assigned to the decay length resolution. The systematic error
for the fake J/t background contains a contribution for the error on the fake
J/¢ background fraction fyx as well as the systematic error on the background
lifetime 7. The uncertainty on the prompt J/¢ background is taken from
theory. The final systematic error entry in the table comes from a Monte Carlo
simulation of the full lifetime measurement method. This simulation tests for
possible biases in the J/1 event selection, in the decay length algorithm and for
correlations between the measurements of boost and decay length. The lifetime
measured in the simulation agrees within statistics with the value generated and
the statistical error on the comparison is taken as an extreme estimate of the
systematic error on the lifetime.

The result from this analysis is:
7 = 1.3535:17 £ 0.05 ps.

The average B lifetime from this J/¢ tag analysis is directly comparable with the
average B lifetime measured using the lepton impact parameter method only if
the semileptonic and J/4 branching fractions of the different » flavoured hadrons
are in the same ratio. The value measured in this analysis is consistent with the
value of 1.49 +0.03 £ 0.06 ps]18] measured by ALEPH in the impact parameter
analysis.

7 Conclusions

From a total of 450,000 hadronic events, ALEPH has observed 92 + 10 events
containing a J/¢. With these events, the measured inclusive branching fraction
is:

BR(b— J/¥X)=1.2140.13 +0.08 %.

Five events are exclusively reconstructed as B~ — J/4 K™, yielding the branch-
ing fraction:

BR(B™ — J/$K™) =022 £0.10 £ 0.02 %.

One event has been reconstructed in the decay mode B® — J/¢¥K$ and one in
the mode B* — J/¢K*®. No events have been observed in the modes: B* —
J/YK**, B — J/v¢ and Ay — J/¢A.
The average lifetime of the b flavoured hadrons in the sample is measured to
be:
7 = 1.35%512 £ 0.05 ps.

10




8 Acknowledgements

We wish to thank our colleagues in the CERN accelerator division for the suc-
cessful operation of the LEP storage ring. We also thank the engineers and
technicians in all our institutions for their support in constructing and operating
ALEPH. Those of us from non-member states thank CERN for its hospitality.

11




References

[1] K. Hagiwara, A. D. Martin, W. J. Stirling Phys. Lett. B267 (1991) 527.

[2] V. Barger, K. Cheung, W-Y. Keung, Phys. Rev. D 41 (1990) 1541.

[3] UA1 Collab., C. Albajar et al., Phys. Lett. B273 (1992) 540.

[4] ALEPH Collab., D. Decamp et al., Nucl. Instr. Meth. A294 (1990) 121.
]

[5] G. Batignani et al., Conference Record of the 1991 IEEE Nuclear Science
Symposium, Santa Fe.

[6] ALEPH Collab., D. Decamp et al., Phys. Lett. B244 (1990) 551.
[7] ALEPH Collab., D. Decamp et al., Phys. Lett. B246 (1990) 306.

[8] T. Sjostrand and M. Bengtsson, Comput. Phys. Commun. 46 (1987) 43.
Version JETSET 7.3 is used for this analysis.

[9] A compilation is used from Y. Kubota in the proceedings of the conference
on Heavy Quark Physics, Ithaca (1989) page 142.

[10] F.A. Berends, R. Kleiss, 5. Jadach, Z. Was, Acta Phys. Polon. B14 (1983)
413-424; S.Jadach and Z.Was, Computer Phys. Commun. 36 (1985) 191-211.

[11] ALEPH Collab., D. Decamp et al., Z. Phys. C 53 (1992) 1.
[12] MARK Il Collaboration, Phys. Rev. Lett. 68 (1992) 282.
[13] OPAL Collaboration Phys. Lett. B266 (1991) 485.

[14] ARGUS Collab., H. Albrecht et al., Phys. Rev. Lett. 162B (1985) 395;
ARGUS Collab., H. Albrecht et al., Phys. Rev. Lett. 199B (1987) 451;
CLEO Collab., M. S. Alam et al., Phys. Rev. D 34 (1986) 3279.

[15] S. T. Jones and P. H. Cox, Phys. Rev. D 35 (1987) 1064.

[16] ARGUS Collab., H. Albrecht et al., Z. Phys. C 48, (1990) 543;
CLEO Collab., D. Bortoletto et al., Phys. Rev. D 45 (1992) 21.

[17] M. Neubert, V. Rieckert, B. Stech and Q. P. Xu, preprint HD-THEP-91-28,
to be published in Review Volume on Heavy Flavours, ed A. J. Buras and
M. Lindner, World Scientific Publishing Co.

[18] ALEPH Collab., D. Decamp et al., Phys. Lett. B257 (1991) 492;
ALEPH Collab., D. Buskulic et al., submitted to Phys. Lett. B.

[19] JADE Collab., W. Bartel et al., Z. Phys. C 33 (1986) 23;
JADE Collab., S. Bethke et al., Phys. Lett. B 213 (1988) 235.

12




40 I 1 T

+
ol @ whpm

20 ~ -

S -
L

> =
S o
-]

2 10'b) e’ e _

=} B -

E 0 _|.|1.|"-|.|'r:-|_|'|_|-L 1 e I I | L
+ —

10k© ete™
(corrected)

0 = l=nn |
d et ¥

10F ) F -~

0 1 ll'l'l'lr—l-'l—-

2.0 2.5 3.0 3.5 4.0

Dilepton invariant mass (GeV/c?)

Figure 1: Di-lepton invariant mass spectra (a) utu™ , (b) raw ete™ | (c) ete”
with correction applied when a bremsstrahlung photon is observed, (d} e*u¥.
The curves are fitted exponential functions, whose shapes are obtained from the
e*uF spectrum as described in the text.
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scaled energy g = Ey/Epcam; (b) 1/N dN/dOy_sp,, where 84y, is the angle
between the J/v direction and the event thrust axis. For these distributions no
requirement is made on the J/¢) momentum. The data are plotted as points and
the Monte Carlo predictions for J/v'’s originating from bb and gluon events as
dashed and dotted lines respectively. The Monte Carlo predictions are normal-
ized to the total number of J/+ events.
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